'Department of Pharmacology and Molecular Biology, The Chicago Medical School, North Chicago, Illinois 60064, and 2Department of Psychology and Neurobiology Research Center, University of Alabama at Birmingham, Birmingham, Alabama 35294 In the rat mutant dystonic (df), glutamic acid decarboxylase (GAD) activity in the deep cerebellar nuclei (DCN) is elevated compared to normal littermates. The distribution of this increase within the DCN, and the effect upon GABA receptor density, was assessed in 25d-old animals. GAD activity was increased 45, 41 , and 74% in the medial, interpositus, and lateral divisions of the DCN, respectively. Autoradiographic analysis of GABA, receptor density, using the ligand 3H-muscimol (MUSC), revealed a significant decrease in MUSC binding in the DCN of the mutant. No changes in the binding of the benzodiazepine ligand 3H-flunitrazepam (FLU) were found in the DCN. At 18 other sites, including motor areas in the brain stem, midbrain, and forebrain, no significant changes were found in either MUSC or FLU binding. There also was a failure to find any significant changes in dt animals in the binding of ligands which label the muscarinic cholinergic receptor, dopamine D, receptor, or serotonin 5-HT, receptor. The results support earlier findings that GABAergic activity is increased in Purkinje cell terminals of the dfmutant and suggest that in response to this enhanced activity, GABA receptors in the DCN are down-regulated. At other levels of the neuraxis no consistent changes were found in any of the variables studied, suggesting that cerebellar dysfunction may be a primary component of the dystonic syndrome.
Changes in receptor density have frequently been studied following local neurotransmitter changes induced by lesions, drugs, or other manipulations (Banerjee et al., 1977; UPrichard and Snyder, 1978; Peroutka and Snyder, 1980; UPrichard et al., 1980; Pan et al., 1985) . Recently, Rotter and Frostholm (1988) and others (Lippa et al., 1978; Skolnick et al., 1979; Sauer et al., 1984; Olson et al., 1987; Rotter et al., 1988) have reported that genetically programmed neuronal degeneration can also affect receptors. In the Purkinje cell degeneration @cd) and staggerer (sgsg) mouse mutants, the appropriate Purkinje cell input from the cerebellar cortex to the deep cerebellar nuclei (DCN) is lost. In both mutants the density of the GABA/benzodiaze-pine receptor complex, as labeled by jH-flunitrazepam (FLU), is increased in the DCN (Rotter and Frostholm, 1988) . Thus, reductions in Purkinje cell number are associated with receptor up-regulation in these mutants.
In the genetically dystonic (dt) rat, we have identified biochemical abnormalities that suggest changes in Purkinje cell activity. In contrast to the mouse mutants discussed above, the cytoarchitecture of the cerebellum appears normal in the dt rat but the activity of glutamic acid decarboxylase (GAD) in the DCN is elevated . GAD, the synthetic enzyme for the inhibitory transmitter GABA, is primarily localized to Purkinje cell terminals (Fonnum et al., 1970; Wassef et al., 1986) in this region. Thus, the increased GAD activity suggests enhanced Purkinje cell activity in these animals.
Despite the increase in GAD activity, single-unit recording studies in urethane-anesthetized 20-28-d-old dt animals indicate that the firing rate of Purkinje cells is significantly lower in these mutants than in normal littermate controls (Stratton et al., 1988) . The basis of this discrepancy is not clear. It is possible that abnormal activity occurs in the Purkinje cells ofdt animals primarily during dystonic episodes and that this effect is masked by anesthesia. If the Purkinje cells of the dt rat are hypoactive, as suggested by the electrophysiological data, the availability of GABA, the major transmitter of these cells, may be reduced. Compensatory increases in postsynaptic GABA receptor density in the DCN might result, as in the case of the pcd and sgsg mutants. If Purkinje cell activity and/or neurotransmitter release are increased compared with controls, as measurements of GAD activity suggest, a down-regulation of receptors might follow. To evaluate these possibilities, the density of GABA/ benzodiazepine receptors was measured in the DCN of 25-dold dt and control rats. At this age, GAD activity has increased for at least 8 d in the dt mutants and compensatory receptor changes might be expected. Autoradiographic analyses of the GABA/benzodiazepine receptor complex were conducted in the DCN and also at several other levels ofthe neuraxis to evaluate the possibility that the dt gene might produce widespread changes in these receptors. In addition, non-GABA receptor systems involved in regulating motor function were studied in selected areas to assess the integrity of these systems in the dt mutant. Finally, GAD activity was measured in micropunches of the DCN and other selected motor regions to provide information on the distribution of the increased enzyme activity in animals of the same age as those in which the receptor analyses were conducted. 
Materials and Methods
Twenty-five-d-old dystonic animals and their normal littermates were obtained from the colony maintained at the University of Alabama at Birmingham. The animals were killed by decapitation and the brains removed and frozen in isopentane cooled to -25°C with dry ice. This procedure produces rapid freezing of the brain while maintaining good morphological integrity. All brains were maintained frozen (-70°C) until processed for autoradiographic analysis or determination of GAD activity. GAD assay. GAD activity was determined in cerebellar and midbrain motor nuclei of dt rats and their normal littermate controls. Samples were obtained using minor modifications of the punch technique of Palkovits (1973) . In brief, 300 pm frozen coronal sections containing the structures of interest were mounted on glass slides by briefly thawing the section and immediately refreezing on dry ice. The medial, interpositus, and lateral divisions of the cerebellar nuclei, the pontine nuclei, and the substantia nigra were removed from the frozen sections with an 18-or 21-gauge needle (internal diameters, 0.8 and 0.5 mm, resoectivelv) using the atlas of Paxinos and Watson (1986) as a guide. Tissue samples-were immediately frozen in 100 hl of a 100 mM KCl, 3.3 mM Na, EDTA. 0.5% Triton X-100 solution. and were maintained frozen at --70°C until assayed for GAD activity.
To measure GAD activity, samples were thawed, homogenized by sonication, and duplicate 25 ~1 aliquots assayed using minor modifications of previously described procedures (Oltmans et al., , 1986 ). In the current studies, the concentrations of substrate and cofactor in the incubation mixture were increased to 100 mM glutamate (25 &I mmol) and 200 PM pyridoxal phosphate, respectively. Preliminary studies indicated that these concentrations produced maximal GAD activity. All values are reported as nmol GABA/mg protein/hr. Proteins were determined using a modification of the method of Lowry et al. (195 1; Larson et al., 1986) . Reported values are means i SD.
Receptor autoradiography.
Autoradiographic studies of receptor density were conducted in a separate group of animals. To prepare tissue for sectioning, the brains were removed from the freezer and warmed overnight in a cryostat (-12°C). Ten micron frontal sections were cut, thaw-mounted on clean glass slides, and immediately dried to translucence on the palm of the hand. Sections processed in this way adhered well to the slides during the assays eliminating the need for subbed slides. Fourteen consecutive sections were taken at each of 8 levels of section, chosen to sample the structures labeled in Figure 1 . These approximated the levels shown in plates 71, 64, 47, 40, 33, 29, 24, and 15 in the atlas of Paxinos and Watson (1986) . The dried sections were stored in slide boxes with dessicant at -20°C until they were assayed. Autoradiographic assays for GABA,, benzodiazepine (BZD), muscarinic cholinergic, dopamine D,, and serotonin 5-HTz receptors were conducted according to previously published methods employing ligands, wash and incubation conditions, and displacers as detailed in Table 1 . In general, slide-mounted tissue sections were removed from the freezer, prewashed in a buffer solution to remove endogenous ligands, and incubated with saturating concentrations of the specific radioligand (DuPont/NEN or Amersham) for the selected receptor to yield estimates of receptor density. Nonspecific binding was determined by addition of an appropriate antagonist to the incubation solution. Following incubation, the sections were rinsed in buffer to remove unbound radiolabel, dipped in H,O to remove buffer salts, then rapidly dried (<30 set) in a stream of warm air.
In some assays, deviations from the above general procedure were required. In the 'H-muscimol (MUSC) and the FLU assays, two 5-min mini-incubations in radiolabeled solutions (using final incubation concentrations ofthe respective ligands) were interposed between the initial buffer washes and the final 30 min incubation. This allowed solutions to be used for several groups of sections without producing detectable changes in radioligand concentration in the final incubation mixture. This procedure was employed to reduce the total quantity of expensive radioligand required to saturate the receptors. Sections from dt and control animals were incubated simultaneously in the same coplin jar to insure that slight variations in the composition of the incubation solution would not bias the results.
The D, and 5-HT, receptors were both analyzed with the ligand 'Hspiroperidol (SPIRO), but using different incubation conditions. The D, receptor binding was defined as the SPIRO binding in the presence of 100 nM mianserin, which could be displaced by 100 FM dopamine. Similarly, the 5-HTz receptor binding was defined as SPIRO binding in the presence of 100 PM dopamine, which could be displaced by 100 nM mianserin. Nonspecific binding, the binding remaining in the presence of both 100 PM dopamine and 100 nM mianserin, was determined for both receptors in a single section. This procedure reduces the overestimates of receptor number which are likely to occur with a ligand such as SPIRO, which lacks specificity for a single recentor.
The radiolabeled sections were exposed to Ultrotilm 'H (LKB) or Hyperfilm 'H (Amersham) along with brain paste standards (Unnerstall et al., 1981) for lo-45 d at room temperature. Exposure time varied depending on the specific activity of the ligand and receptor density in the areas of major interest at different levels of section. All samples rat. Abbreviations: CPU, caudate putamen; epn, entopeduncular nucleus; gp, globus pallidus; gl, granular layer; io, inferior olive; in, intevsitus nucleus; fn, lateral nucleus; mn, medial nucleus; ml, molecular layer; na, nucleus accumbens; pn, pontine nuclei; rr~, red nucleus; sn, subsmtia nigra; stn, subthalamic nucleus. ) was used to analyze the autoradiograms. A digital image of specific binding was generated for each pair of total and nonspecific autoradiograms by subtracting the digitized nonspecific binding autoradiogram from the digitized total binding autoradiogram. The average digital transmittance was calculated from the specific binding image for each area of interest. A similarly calculated digital transmittance value for a fully exposed film was subtracted from values for each area (to compensate for the lack of a dark current adjustment in the image capture video system) to yield an adjusted transmittance value (7). The logit of the adjusted percent transmittance value (r/T,,,,) for each tissue paste standard was then plotted against the natural logarithm of the DPM/ mg protein determined for that standard (see Pan et al., 1983) . This procedure yielded standard curves which were linear for standards for which values of T bracketed those calculated for the sample brain sections. Receptor values are reported as pmol/mg protein (mean + SD) for all ligands except SPIRO, for which values are reported as fmol/mg protein.
Data analysis. Data were analyzed using an analysis of variance (AN-OVA). In most instances, related functional or structural groups (e.g., basal ganglia) were grouped together and analyzed using a 2-way AN-OVA (genotype by nucleus). In the cerebellar cortex, data were analyzed using a 3-way ANOVA (genotype by level of section by layer). Specific comparisons between cell means were made using Duncan's multiplerange test. In some instances, where a specific structure did not readily fall into a functional group (e.g., pontine nucleus, red nucleus), dystonic and normal animals were compared directly by means of a t-test.
Results GAD activity in the cerebellum and selected motor nuclei GAD activity was measured in the individual divisions of the DCN of 25-d-old dt rats. In confirmation of previous reports ) a significant effect of genotype on GAD activity in the DCN was found (F,,6, = 39.7, p < 0.00 1). Followup tests revealed significant increases in GAD activity in each of the 3 divisions of the DCN (medial, interpositus, lateral) ( Table 2 ). In comparison with 20-d-old animals studied previously (Oltmans et al., , 1986 ) the magnitude of the change in GAD activity in the 25-d-old animals appeared larger (?53 vs -t25%).
GAD activity was also examined in the pontine nuclei and substantia nigra. In the pontine nuclei, enzyme activity was low but measurable, and in the substantia nigra, GAD activity was the highest of any area examined in this study (Table 2) . GAD activity in the dt rats did not differ from normal littermate controls in either of these areas, suggesting that the changes found in the cerebellum are not the result of a generalized defect in GAD (see also Oltmans et al., 1984) .
GABA receptor autoradiography -fH-muscimol binding
In both normal and dt animals, MUSC binding in the cerebellum followed the pattern previously reported for normal animals (Palacios et al., 1980; Frostholm and Rotter, 1987; Herkenham, 1987 ; Fig. 1, Table 3 ). Binding density in the granular layer of the cerebellar cortex was higher than in the molecular layer (F,,,,, = 1258,~ < 0.001) and both ofthese regions had higher binding than the DCN. In all 3 areas, however, binding could be readily quantified.
In the cerebellar cortex, binding was examined at 2 levels of section, one through the paramedian lobule and one through the ansiform lobule. The statistical analysis did not reveal a significant effect of either genotype or level of section on binding density, but a significant genotype by level interaction was found (F,,,,, = 12.6, p < 0.001). Follow-up analysis indicated significantly less binding in the granular layer of the ansiform lobule of the dt rats than in the normal littermate controls.
Several changes in MUSC binding were found in the DCN. There was a significant main effect of genotype on binding (F, +,: = 20.2, p < 0.001) and follow-up analyses revealed significant decreases in binding in the lateral (-2 1%) and interpositus (-23%) nuclei of the dt mutants, with a smaller decrease (-16%) in the medial nucleus (Fig. 1, Table 3 ). The analysis also indicated significant medial-to-lateral differences in receptor density in both dt and normals, with the lateral nucleus showing a higher receptor density than either the interpositus or medial nucleus.
MUSC binding was also examined in 18 other brain regions, including several motor areas such as the pontine nuclei, red nucleus, and basal ganglia (Fig. 1, Table 3 ). Binding density in the pontine nuclei and red nucleus did not differ between dt and controls, although the difference in the pontine nuclei did approach statistical significance (+ 15%, t,, = 1.9 1, p < 0.08). In the basal ganglia, the ANOVA did not reveal a significant effect of genotype. However, the largest percentage change in receptor density for any brain area examined was found in the globus pallidus (+27%). Direct comparison of cell means for normal and dt rats for this structure did suggest a difference (t ,8 = 2.2, p < 0.05).
In the thalamus there was a significant difference in receptor binding among the various thalamic nuclei (Fx 115 = 93, p < O.OOl), but no difference between dt and normals. The differential binding densities between the nuclei made thalamic divisions which are barely discernible in Nissl-stained sections (9) 3.99 k 0.63 (9) 99 4.28 k 0.42 (9) 4.19 + 0.51 (9) 98 2.51 f 0.38 (9) 2.80 k 0.54 (9) 112 3.25 f 0.22 (9) 3.42 -1-0.47 (9) 105 5.18 f 0.36 (9) 5.13 k 0.64 (9) 99 3.93 + 1.11 (9) 4.08 '-c 1.06 (9) j' Frontal cortex sections contained parts of frontal cortex areas 1-3 which are primarily motor cortex. Parietal cortex sections contained parietal cortex areas 1 and 2 and parietal cortex hindlimb area, which are primarily sensorimotor cortex (see Zilles and Wree, 1985) . /I Differs significantly from normal littermate control @ < 0.05).
(e.g., Jones, 1985) appear distinct (Fig. 1) . In the cerebral cortex, no differences were found between normal and dt rats.
-'N-jlunitrazepam binding FLU was used to study the BZD component of the GABA, receptor complex. As others have reported (Young and Kuhar, 1979; Unnerstall et al., 198 1; Rotter and Frostholm, 1986) binding in the molecular layer was higher than in the granular layer (F,.,, = 280, p < 0.001; Fig. 2, Table 4 ), the reverse of the pattern found for MUSC binding. In the DCN, receptor density was intermediate to that in the granular and molecular layer. No significant differences between normal and dt animals were found in either the cerebellar cortex or DCN. The ANOVA did reveal significant differences between nuclei (F2,54 = 14.3, p < 0.00 l), as receptor density in the lateral nucleus was significantly higher than in either of the other 2 divisions in both dt and normal animals. This pattern was similar to that of MUSC binding in the DCN.
FLU binding density was also determined in 18 other brain regions, including both motor and nonmotor structures (Table  4) . Comparison of dt and normal animals did not reveal any significant differences between the 2 groups in any of the structures studied. As with MUSC binding, the percentage change in FLU binding in the globus pallidus (+ 18%) was the largest observed in any brain region (Table 4) , and comparison of cell means approached statistical significance (t,, = 2.07, p < 0.06). Taken together, the MUSC and FLU results suggest that additional study of the effect of the dt mutation on GABAergic transmission in the globus pallidus is warranted.
Muscarinic acetylcholine, serotonin, and dopamine autoradiography The muscarinic cholinergic receptor was studied using the ligand 'H-quinuclidinyl benzilate (QNB). Binding assays were conducted, and autoradiograms prepared, for the same levels of section as for MUSC and FLU with the exception ofthe sections through the cerebellum. In a number of regions, however, QNB binding was too sparse or too similar in adjacent structures to allow accurate quantification of binding to a particular structure. Values for many of these structures are not presented. In other areas, including both motor and nonmotor structures, binding was prominent. This range in binding densities is presented in Figure 3 , where distinct binding in the pons and caudate putamen can be contrasted with a virtual absence of binding in the substantia nigra. No significant differences between dt rats and normal littermates were found in any of the structures examined (Table 5) .
Serotonin S-HT, and dopamine D, receptors were examined in the caudate putamen, nucleus accumbens, and cerebral cortex using SPIRO (Fig. 4) . The highest levels of dopamine displaceable SPIRO binding were found in the caudate putamen followed closely by the nucleus accumbens, with cortical levels substantially lower. None of the areas analyzed showed significant differences between dt and normal rats in either dopamine or mianserin displacement of the SPIRO binding ( Table 6 ), indicating that the D, and 5-HT, receptors in these structures are not affected by the dt mutation.
Discussion
The results confirm and extend previous reports that GAD activity in the DCN of dt rats is increased (Oltmans et al., , 1986 . In the 25-d-old rats, enzymatic activity was higher in all 3 divisions of the DCN of dt rats than in normal littermates, and the magnitude of the difference was greater than that previously found in 16-and 20-d-old rats. The receptor studies revealed that the increased enzyme activity in dt rats is accompanied by significantly reduced density of GABA, receptors in the DCN. Differences between normal and dt rats on both measures, however, were confined to the cerebellum. In other areas, with the tentative exception of the globus pallidus, no differences between dt and normal littermates were found in either GAD activity or GABA, receptor binding. Thus, there is no evidence that the dt mutation produces a generalized defect in either GAD or the GABA, receptor. Rather, these findings suggest that there is a selective change in GABAergic activity in the cerebellum. The most plausible interpretation of the data seems to be that the elevated GAD activity reflects enhanced activity in the Purkinje cell terminals which constitute the unique and massive projection from the cerebellar cortex to the DCN. As a consequence, GABA receptors in the DCN are down-regulated.
The disparate levels of MUSC and FLU binding in the 2 layers of the cerebellar cortex replicated previous findings. In the DCN, dt rats showed a significant 20% decrease in MUSC binding but no change in FLU binding compared to their normal littermates. While a differential binding pattern for 2 ligands which purportedly label the same receptor complex may seem paradoxical, current models of the GABA, receptor complex can readily accommodate such results. This complex includes 2 (Y-and 2 p-subunits with binding sites for FLU and MUSC, respectively (Schwartz, 1988; Stephenson, 1988) . Several isoforms of each of these subunits have been discovered, and evidence from in situ hybridization studies indicates that the expression of these isoforms varies across brain regions (Hebebrand et al., 1988; Levitan et al., 1988b; Siegel, 1988; Wisden et al., 1988 Wisden et al., , 1989 Fuchs and Sieghart, 1989) . There is also evidence that a functional GABA-gated chloride channel can be composed of various combinations of the different subunits (Blair et al., 1988; Levitan et al., 1988a) , and studies of GABA receptors expressed in human embryonic kidney cells indicate that a GABA-sensitive site capable of chloride conductance can exist in the absence of FLU binding (MUSC binding was present) (Pritchett et al., 1988) . Thus, the mechanism for the modification of postsynaptic sensitivity to GABA may include the independent regulation of individual receptor components. Ligand binding patterns would then depend upon the particular receptor subunits expressed in specific regions. Such a mechanism could account both for the FLU and MUSC binding patterns seen in the cerebellar cortex, and the selective change in MUSC binding found in the DCN in the current study.
Previous studies of the GABA, receptor complex in the DCN of adult animals indicated that the BZD binding site predominates, with minimal binding found at the MUSC-labeled site (Bowery et al., 1987; Herkenham, 1987) . In mice, Frostholm and Rotter (1987) reported moderate MUSC binding in the DCN of young animals, but much lower binding in adults. This suggests that the level of MUSC binding in the DCN may vary with age. Other studies have shown that, in the cerebellum, GABA receptor subunit composition (Fuchs and Sieghart, 1989) , BZD receptor subtypes (Garrett and Tabakoff, 1985 ; Sieghart, 1986) and MUSC and FLU binding (Palacios and Kuhar, 1982) change with age. Thus, differences in GABA receptors between the dt mutant and normal rats could reflect a developmental failure in the cerebellum rather than an active receptor downregulation. This seems unlikely, as MUSC binding in other areas of the neuraxis appears to develop normally. In addition, the direction of change for MUSC binding in the DCN during development is toward decreased binding. Thus, higher, rather than lower, levels of binding would be expected if development of the DCN were retarded in the dt rat.
Retarded development ofdt rats could also result in artifactual changes in the apparent receptor density due to the differential quenching of 'H /3 emissions by myelinated and unmyelinated tissue (Kuhar et al., 1986) . As myelination increases during development, increased quenching could result in apparent decreases in receptor density. The receptor changes noted in the DCN are, however, in the direction opposite that which would be expected if myelination were retarded in dt rats. Furthermore, the negative findings in other regions and with other ligands argue against a general effect of differential quenching due to altered myelination.
In addition to the GABA receptor complex, muscarinic, 5-HT,, Figure 3 . 'H-QNB binding in a dt rat. QNB (1 nM) was used to label the muscarinic cholinergic receptor. A-C, The 3 levels at which binding was quantified. There were no differences in binding between normal and dt rats, and no nonspecific binding (measured in the presence of 1 PM atropine) was detected. Abbreviations:fc, frontal cortex; pc, parietal cortex. See Figure 1 for other abbreviations.
and Dz receptors were examined in selected brain areas. The binding profiles for these receptors did not differ between dt and normal animals and were comparable to the binding patterns reported by others (Palacios et al, 198 1; Wamsley et al., 198 1; Richfield et al., 1986; Miyoshi et al., 1987) . These results support previous findings that most neurochemical and anatomical conditions in the dt mutant appear normal McKeon et al., 1984) . The primary exception is the cerebellum, where several neurochemical anomalies exist. These include, in addition to the GABAergic changes, increased norepinephrine and decreased cGMP levels (Lorden et al., 1985; McKeon et al., 1986) both of which could contribute to, or reflect, altered Purkinje cell function (Biggio et al., 1977a, b; Moises et al., 1979; Yeh et al., 198 1; Yeh and Woodward, 1983a, b) . A recent metabolic mapping study of the brains of dt and normal rats (Brown and Lorden, 1989 ) also revealed a significant increase 28(8) in glucose utilization in the DCN of mutant rats in comparison with normal controls. Thus, abnormal Purkinje cell output to the DCN seems likely to play a major role in the movement disorder of the dt mutant. In contrast to the increased Purkinje cell activity suggested by the enzymatic and receptor data, extracellular unit recordings from Purkinje cells indicate reduced activity in these neurons in 25-d-old dt rats (Stratton et al., 1988) . It is possible that any hyperactivity in the Purkinje cells is associated with dystonic episodes and is prevented by the anesthesia used during electrical recordings. Alternatively, changes in GAD activity might lag behind changes in Purkinje cell activity. This appears to be the case in animals with lesions of the inferior olive which destroy the climbing fiber projection to the cerebellar cortex. After the lesion, Purkinje cell simple spike activity more than doubles then declines to more normal levels by lo-14 d postlesion . Over this period GAD activity in the DCN increases, reaching a peak about 14 days postlesion (Oltmans et al., 1985; Sukin et al., 1987) . Although GAD activity eventually begins to return toward normal, it remains elevated well after a substantial decline in single-cell activity. Thus, in the lesioned animals, the changes in GAD activity, once induced, persist beyond the period of major alterations in cell activity. A similar transient elevation of Purkinje cell activity early in the life of the dt mutant might likewise result in increased GAD activity and decreased GABA receptor density which persist after the Purkinje cell firing rate has declined.
A growing body of data suggests that Purkinje cell input to the DCN is altered in dt rats. In the rats with climbing fiber lesions discussed above, altered Purkinje cell activity results in changes in the firing rate of efferent neurons of the DCN and atypical neural activity at DCN projection sites . Similar changes in the cerebellar efferents of dt rats might produce receptor changes in DCN projection sites. In the current study, we examined this possibility by analyzing GABA binding in the inferior olive. Recent work has revealed a GABAergic projection from the DCN to the inferior olive (Nelson and Mugnaini, 1989) and reduced activity in this system might produce GABA receptor up-regulation in the olive. Autoradiograms for both MUSC (Fig. 1,  A, B) and FLU (not shown), however, revealed a conspicuous lack of binding of either ligand in the olive. Thus, GABA afferents to the olive from the DCN and other regions (Nelson et al., 1984; deZeeuw et al., 1988; Angaut and Sotelo, 1989 ) may act via receptors not labeled using our methods. We also examined receptor status at several other DCN projection sites, including the red nucleus, pontine nuclei, and ventral thalamus (Flumerfelt et al., 1973; Caughell and Flumerfelt, 1977; Faull and Carman, 1978; Herkenham, 1979; Haroian et al., 1981; Flumerfelt and Hrycyshyn, 1985; Angaut et al., 1986; Border et al., 1986) . No changes in the binding of any of the ligands used (FLU, MUSC, QNB) were seen.
The rat mutant under study was named dystonic because of the twisting postures that are the most obvious symptom of the disease. The absence of identifiable morphological lesions in the dt mutant is also consistent with conditions found in idiopathic torsion dystonia in humans (Eldridge, 1970; Zeman, 1970) . In humans, dystonia has been postulated to be a disorder of the basal ganglia. This assumption is based, in part, on the observation that drugs capable of producing dystonic symptoms (e.g., neuroleptics) frequently can be shown to have an effect in this area (Crane and Naranjo, 1971; Rupniak et al., 1986) . Recent reports also suggest that secondary dystonia is associated with imaging (NMR, CAT) and autopsy findings indicating damage to the basal ganglia (Burton et al., 1984; Marsden et al., 1985; Berkovic et al., 1987) . In primary dystonia, however, the evidence for an exclusive involvement of the basal ganglia is less certain. Postmortem studies and imaging techniques have failed to provide convincing evidence of basal ganglia lesions or have implicated cerebellar and other structures, as well as the basal ganglia (Eldridge, 1970; Zeman, 1970; Larsen et al., 1985; Stoessl et al., 1986; Hedreen et al., 1988) . In addition, focal dystonias (writer's cramp, torticollis) have recently been reported to be prominent features in patients with degenerative cerebellar ataxias and cerebellar atrophy (Fletcher et al., 1988) . In many cases, however, there is no evidence of anatomical abnormalities. In the dt rat, where many of the features of the motor disorder resemble those seen in human dystonia neither neurochemical nor anatomical abnormalities in basal ganglia structures have been identified . The current study did suggest the possibility that GABA/BZD receptors in the globus pallidus might be increased. The marginal nature of this effect, however, requires not only that it be confirmed, but that substantial caution be exercised in the drawing of inferences. Indeed, the observed conditions may reflect secondary changes caused by the dystonic disorder, rather than factors contributing to the disorder. Reduced or delayed myelination in dt rats could also contribute to the apparent increase in receptor density in this heavily myelinated region as discussed above. What is clear is that a dysfunction in the cerebellum exists in the dt rat. Specification of the relationship of this abnormality to the motor syndrome may provide valuable information not only about the role of the cerebellum in regulating movement, but about the mechanisms by which genetic errors can become manifest in unusual neurological profiles.
